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ABSTRACT

DEMON is a system designed to solve problems involving ordinary differential equations as
quickly as possible. It accepts differential equations in the D — notation (thatis, y"=y + y'is
expressed as D2Y = Y + DY), and generates a FORTRAN programme to solve the problem, A means
is provided for solving boundary equation problems. New integration methods may be defined to DEMON
together with the problem. These methods may range from Predictor — Corrector to Gaussian quadrature.
Non-self—starting methods are antomatically started.

The DEMON programme has been written in COBOL and should be suitable for any large machine.

At the A.A.E.C. Research Establishment the DEMON system is working on a 32K IBM - 7040, where
the time taken from completely defining the problem to receiving the results may be as short as ten minutes,
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‘1. INTRODUCTION

This report describes a programme generator, DEMON, which has been designed to solve problems

mvolvmg otdinaty differential equations as quickly as possible. The differential equations are represented
in the D — notation. For example,

)

y “ oz

z = eyt zt‘
would be expressed as

DY = Z

D2Z = ~Y + DZ

DEMON accepts a minimal definition of a problem then generates a FORTRAN programme to solve
it. Since the major part of the FORTRAN programming is done on the computer, the overall time taken to
solve problems is only a fraction of the time required by normal methods.

The user can cause a search to be made for points which are of interest to him. Properties may be
forced onto the mathematical system, by an iterative method which requires estimates of all the unknown
parameters; improvements are then made to these estimates. DEMON will accept any point of interest,

or property, which can be described. Boundary value problems fall naturally into this scheme; so do
nonlinear simultaneous equations. o

Step—by—step integration methods, ranging from Predictor — Corrector to Gaussian quadrature, may
be defined to DE’\{ON with the problem.

The DEMON programme generatur has been written in COBOL (IBM 1964a), so the DEMON
system should prove useful to any installation having both FORTRAN and COBOL compilers.

2. THE DEMON SOURCE PROGRAMME

Programmes for use with DEMON (hereafter called the user’'s programme) are based largely on
the FORTRAN language. A very general skeleton programme has been written jn FORTRAN. -This
contains many sections such as the integration of differential equations, the selution of boundary value
problems, and the searching for points of interest. When the user’s programme is read, parts.of the
skeleton programme are selected, altered, or manufactured, to form a complete FORTRAN programme
which can solve the problem.

The user’s programme consists of four parts, which are separated by three cards:

ENTER DEMON
FUNCTION
END DEMON

The parts are as follows:

Part 1  This part of the programme is written in FORTRAN. [t is required to assign the
initial values, and the step length, for the integration,

Part 2  Those statements which are not contained in the FORTRAN language (apart from
differential equations) belong in Part 2.(See Appendix 2). This part is used to
describe points of interest and boundary equations; it is also used to vary the
generated programme.
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Part 3 The mathematical system to be solved is described in this part.

Part 4  This part is entered when the problem has been solved. It is also written in
FORTRAN. )

The generated FORTRAN programme contains statements supplied by the user and by the skeleton
programme. To eliminate confusion between these two sources, some variable names and statement
numbers should be avoided. A list of these is given in Appendix 1.

3. THE MATHEMATICAL SYSTEM

The mathematical system is described in FORTRAN, except for the differential equations.
These are written using the D—notation and should be set out with the highest differential forming the
left hand side. For example,

a = 1,5 +y#*z

y' = z + sin (a)

z2"'= —y + ' .
would be written

A=15+Y *DZ

DY = Z +SIN (A)

D2Z = Y + DZ

The D-notation may be used to refer to derivatives anywhere else within the system. Any
number of differential equations may be used and they may be up to the ninety—ninth order.

The statement
DT = 1.
is always implied to be the first differential equation,

All the variables occurring on the left hand side of arithmetic statements will be termed
"supplementary” variables. The variables rmplicitly defined by the differential equations will be
termed “basic’ variables. In the example above the basic variables are T, Y, Z, and DZ. The
supplementary variables are DT, A, DY, and D27Z.

4. NOMINATED POINTS

A search may be made for points of interest. The point where y is zero is written
(Y = 0.0)

Such a definstion will be termed a “condition”. It has the general form
(Fi=F2) or (Fy=FpJ)

where the second form represents a condition which is satisfied only after several encounters.
For example, the third zero of y would be

(Y =0.0, 3)
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The functions F, and ¥, may contain either basic or supplementary variables, or both. At least

one variable should be used, since otherwise the difference F1 — F; would not vary and heace would never
i
be zero.

The conditions described above could further be termed “essential conditions”. A second type
of condition, a non—essential condition, has the form

N(F1=Fo) or N(F1 = Fy, J)

The non-essential condition is valuable when looking for a point which may not exist within the desired
range.

The integration will proceed until all the essential conditions Lave been satisfied. Therefore at

least one essential condition must be used to indicate the range of the integration. Output is given when
a condition is satisfied.

Conditions are also used in solving boundary equations. The condition card is used in Part 2
of the user’s programme.

5. A COMPLETE USER'S PROGRAMME

The integration of Bessel's differential equation up to the second zero will be used as an example
of DE*{ON. The differential equation is

"

v'ry'/t vy =o

The first part of the programue has to define the initial values and the step length., The step
length is always given the name STEP.

Part 1 1s
T = 0.0
Y = 1.0
DY = 0.0
STEP = .25
The condition
(Y = 0.0,2)

is used to indicate the range of the integration. In this instance it is the only card in Part 2.
The differential equation must be used in the form
D2¥ = —(DY/T + Y)

Since the second differential cannot be evalnated at T = 0.0 the folloWing.statements have to be
used in Part 3:

IF (T) 1, 2, 1
2 D2Y = 1.
‘GO TO 3

1 D2Y = —(DY/T + ¥)

3 CONTINUE
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The prograrime entered after the integration is completed (Part 4) will pe :

CALL EXIT

END
The complete ptogramee will be :

T = 0.0
Y = 1.0
DY = 0.0
STEP = .25
ENTER DEMON
(Y = 0.0, 2)
FUNCTION
IF (T) 1, 2, 1
2 D2v =-1
GO TO 3
1 D2Y = —(DY/T +Y)
3  CONTINUE
: END DEMOYN
CALL EXIT
END

The output for this programme will consist of T, ¥, and DY at each integration step and at the last
point. A listing of the generated programme and the output is given in Appendix 3.

6. BOUNDARY EQUATIONS

DEMON contains an algorithm to attempt to force required properties upon the mathematical
system. Suppose y is required to be 50 when x is 100. This is expressed

Y (X =100.) = 50.

DEMON may be used to solve many boundary equations. To satisfy each, there must be a
degree of freedom in the ma hematical system. This will norma ly be one of the initial values, but
may be any variable which affects the mathematical system. The card

ALTER (DY)
indicates that the initial va ue DY is to be used as a degree of freedom.
The method used to satisfy the boundary equations 1s a variation of Newtqn-’s method.
For this method an estimate is needed for each of the ®alterable” patumeters, say A and B. The

system is integrated and the discrepancies, say U and V, in the b.undary equations found.

A small change, 8A, 1s then made to A and the discrepancies evaluated once mare.
g_gand %% can then be est mated from the changes in U, and V. Similarly ?B! and :%MB can be estimated,
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A linear equation giving the first order corrections to A and R can be set up:

U U
3A SA + B 8B + U 0.
v Y -
T SA + S B + V 0.

The equation is solved for A and 3B, the corrections made, and the cycle repeated.

The user must specify how much the alterable parameter is to be changed when estimating the
variations. This information should appear on the ALTER card., For example

ALTER (DY), 0.1
indicates that DY should be changed by 0.1
Two methods are available to halt the iteration:
(i) A tolerance may be assigned to a boundary equation, For example,
Y (X =100.) =50, .001
is used to indicate
Y (X =100,) =50, 1+ .001
(ii) A limit may be given for the number of iterations, for example:
ITERATE (6)
Combinations of tolerances and iteration limit can be used, as follows :

(i) If both tolerances and an iteration limit are used, the iteration will cease when either has
been satisfied.

(ii) If only tolerances are used, the iteration will continue until they are satisfied.
(iii) If only an iteration limit is used the iteration will be done that many times.
(iv) If nejither a tolerance nor an iteration limit is used, one iteration will be made:
‘A relaxation coefficiént may be introduced. The card
’RELAX (.1)
indicates that only one tenth of the estimated correction should be used.

7. AUSER'S PROGRAMME INVOLYVING BOUNDARY EQUATIONS

This example is a ballistics problem. A shell is required to reach a maximum height of
50 feet at a distance of 100 feet. These requitements are

Y (X = 100.) = 50,
DY (X = 100.) = 0.0

The parameters used to satisfy these boundary equations are the vertical and horizontal components
of the initial velocity. This is expressed

ALTER (DY)
ALTER (DX}
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The differeatial equations governing the flight contain air resistance terms. These are
D2Y = =32.2 — .01 + ABS (DY) = DY
D2X = — .01+ ABS (DX)* DX
Part 1 specifies the initial values and the step length,

T = 0.0
Y = 0,0

X = 0.0

DY = 100.0

DX = 100.0
STEP = 1./128.

I

Part 2 specifies the boundary equations (with tolerances), the alterable variables (with
alterations), and an iteration limit.

Y (X = 100.) =50., ,001
DY (X =100.) = 0.0, .00001
ALTER (DY), .1

ALTER (DX), .1
ITERATE (6)

It is not necessary to use a condition to define the range of integration in this case since the boundary
equations imply the condition (X = 100.).

Part 3 consists of the differential equations given above.

Part 4 is the programme entered when the problem has been solved. This is

CALL EXIT
END

A listing of the generated programme and the results are given in Appendix 3.

8. SUBSCRIPTED DIFFERENTIAL EQUATIONS

Consider the heat conduction equation in one dimension,

of o 1
Bc“aax”-. (H

where t is time, x is the space dimension, o is the heat conduction coefficient, and f is the
temperature. One may use the approximation

o = fjas — é.fi+fi—; , 2)
3x2 i sz .

where the x; are points at regular intervals §x, and fi is the temperature at xj ,

Consider a bar of metal which is divided into 4 segments giving 5 pofnts. The approximation



results in 3 differential equations s

df; (fi+1 = 2 +fi-1) .
el e =24 @)

The end points x; and xg require special consideration since there are no points xo and xg. Suppose
the end point x4 is held at constant temperature, while the end point x5 could be radiating heat, These
boundary conditions are :

df, _

STl 0.0 (4)
df _

ﬁ = —h (fs - fg) , (5)

where h is the coefficient of heat transfer and f, is the temperature of the surroundings. Equation 5
can be used to eliminate fg from Equation 2. From (5)

fa—f .

—62-5}(—4 = ~h (fs ~ fg) 6)
giving

fe = f4—-2‘,8X.h(f5—fg) (7)

dig | (fo =25 +£4)

8
de Sx? ®)
This system can be expressed to DEMON as follows :

DIMENSION F (5)
DFE(1) = 0.0
DO 1 I = 2,4

1 DF(I) = ALPHA =(F(I+1) —2.% F(I) + F(I-1)) / DELX %* 2
FSIX = F (4) — 2.% DELX * Hx (F (5) - FG)

DF (5) = ALPHA * (FSIX — 2.*F (5) +F(4)) /DELX %% 2

The DIMENSION statement is necessary for the DEMON generator to calculate the number of
differential equations. Subscripted differential equations may be up to the ninety ninth. order, and up
to nine subscripts may be used. Subscripted and normal differential equations may be freely mixed.

A programme using the equations above is given in Appendix 3. In practice, the number of
points would be much greater, making the finite difference approximations more accurate.

9. THE INDEPENDENT VARIABLE

The implicit differential equation is normally
DT = 1,
The card
IMPLICIT (TIME)
changes the implicit differential equation to

DTIME = 1.
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It 1s possible to select any of the basic variables as the independent variable. In the system

DX = I.
DY = F(X,Y)

the independent variable is X . If the derivatives are continually normalised so that DY = 1., then
Y will become the independent variable, This gives the same effect as the statements

i

DX 1./¥{X,Y)

DYy 1.
The user may nominate the independent variable, by using the card:
INDEPENDENT (Y)

Normally the implicit differential equation supplies the independent variable,

The method of finding zeros of conditions (Wheeler 1959) may also involve a change in
independent variaole. For the equation

DY = F(Y)

and a condition

(Y =10)
the following procedure is used.

(i) The integration proceeds until a zero of the condition is found between two successive
steps. Suppose the values of Y at these points are V4, and Y, .

(ii) The independent variable is changed to Y and the step length changed to — (Y, - 10,).
(1ii} A single step is taken from Y which brings ¥ to 10.
This procedure is automatic, but is used only when the condition has the form

(Fa = Fp)

where F 4 is a basic variable and F, is a function not involving either the basic or supplementary
variaples.

Where the condition 1s not of this form, the point is found by linear mterpolatmn in the
indep=ndent v‘anable followed by an integration step from Y ;.

10. QUTPUT FROM THE GENERATED PROGRAMME

The output from the generated FORTRAN programme is, as far as possible, self—explanatory.
FORMAT statements are generated from the differential equations, conditions, boundary equations, and
ALTER cards. Many examples of these FORMAT statements may be found in the sample programmes
in Appendix 3. o

10.1 Form of the Qutput

Output statements are usually specified by an OUTPUT card, for example :

OUTPUT (WRITE (6,+)) (WRITE (0}))
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An asterisk spec fies that a FORMAT statement should be generated and that the asterisk
should be replaced by the statement number, A list of arguments will be added in the usual way.

An output statement without an asterisk is taken as a binary output statement. The list of
arguments will conprise the basic and supplementary variables.

The standard OIJTPUT statement used at Lucas Heights is
OUTPUT (WRITE (6,%)) |
which is inserted by the DEMON generator if no OUTPUT statement is included.
The width of the output can be limited. For example, the card
CPL (80)

would ensure that none of the FORMAT statements generated would cause output of width greater than
80 characters. The standard card -inserted by the DEMON generator in the absence of any CPL card s

CPL (132)

10.2 Frequency of Output

Regular output is norma.lly given after each integration step. A FREQUENCY card can be
used to vary this in either of two ways.

(i) A FREQUENCY card with a fixed pointargument signifies that output is to be given after
that number of integration steps. For example

FREQUENCY (160)
will cause output after every 100 integration steps.

(iiy A FREQUENCY card with a floating point argument will cause output to be given at
intervals of the independent variable. For example

FREQUENCY (1.)
will cause output to be given every unit interval.
When a fixed point FREQUENCY card is used, changes in the step length will cause

irregulanties in the output. However output with a floating point FREQUENCY will be unaffected
when the step length is changed. : :

10.3 The Output Variables

The output normally given is the basic variables. However, the list of variables for use
with alphameric output staterments may be nominated by the user,

The card
BASIC, T, Y
is used to give T and Y only.
The card
ALL SUPPLEMENTARY

will cause all the sﬁpplementary variables, as well as the basic variables, to be given as outpat,
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The card
SUPPLEMENTARY, DY, A

will cause the nominated variables to be given, as well as the basic.variables.

10.4 The Condition’s FORMAT
Fo: the condition
(Y = 20.)
a FORMAT statement
FORMAT (12H ES (Y = 20.))

is manufactured. When the condition is satisfied, alphameric output using this FORMAT will be given,
followed by the output for that particular point.

For the condition
N (Y = 20.)

the FORMAT statement uses the symbol NE rather than ES. For the condition implied in the boundary
equation

Y (X = 100.) = 50
the symbol is AT.

10.5 Output for Foundary Equation Problems

At the start of a main run, during the solution of a boundary equation Problem, the values of
the alterable parameters are given. A FORMAT statement is generated from the ALTER statements.
An example of this can be found in the generated programme to solve the ballistics problem {Appendix 3).

After the main run has finished, the discrepancies in the boundaty equations are given. The
tirst discrepancy corresponds to the first boundary equation, and so on.

All the above output is given as alphameric output.

10.6 Temporary Output for Boundary Equation Problems

During the iterations the normal output from each main run is stored on some binary device.
This can be nominated by a FILE card. The normal FILE card used at Lucas Heights 1s

FILE (REWIND O) (READ (0)) (WRITE (0))

which is inserted by the DEMON generator if no FILE card is given. Three arguments must be used.
The first should be a repositioning statement, which will be used intact. The second and third
statements should be a READ statement and a WRITE statement respectively. These will have a
list attached, consisting of the basic and supplementary varsables.
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11. USE OF OTHER INTEGRATION METHODS

The step—by—step solution of the differential equations

z! = f(t,2)

consists of finding z at time tp4q (hereafter called zp4s) from z at tp(that is, zp). The times tp
and tp+s are related by

t’n+1 =ty + STEP
where STEP is the step length for the integration,
The eguation

vy = £(y)

will be used to represent one of a general set of differential equations. The nsual procedure for
solving such an equation is :

(i) Compute y% from ypq

(8)
(ii) Compute ygp 1 from yn and yh
or, alternatively :
(i) Compute yp.1 from y, and yj ’]
7 (B)
(ii) Compute yp+1 from yp+1 J

The procedures (A) and (B) are identical except for a “phase shift”. After a step, the information
available from (A) is y§ and yn+i, whereas the information from (B) is yp+1 and yih4 . In procedure
(B) all the information relevant to the point y,,. becomes available at the same time. Because of this
all integration methods for use with DEMON must be of form (B).

J

The use of a particular integration method in the generated programme can be specified by
a card. For example

USE (RK2)
indicates that the.method with name (RK2) should be included.

Two USE cards may be included and may nominate a self—starting method and a non—self—
starting method. The generated programme will use the self~starting method to find sufficient
starting values for the non—self—starting method . The self—starting method will also be used to
find the zero of a condition. If no USE card and its corresponding method definition are given, the
standard integration method contained in DEMON will be used.

Normally several differential equations would be solved, the number of equations being
stoted in NDE . In the following, NK is a dummy variable whose range is from 1 to NDE.

In the generated programme four vectors are used to hold y,, ¥4, ¥+ , and ¥n+1- These are
OY (NX, N1), OY (NK,NF1), OY(NK,N2), and OY (NK,NF2} respectively. At the start of the



-12~

integration, the initial values are stored in OY (NK,N2). From these the derivatives at the initial point
can be calculated, giving all the information required for a step in procedure (B).

The technique of defining new methods is based largely on the FORTRAN language. All
FORTRAN statements are allowed, while some new statements have been introduced. Recause the

method will eventually be part of 2 FORTRAN programme, the following fixed point variable names and
statement numbers should be used.

1. Self-starting methods
M; 4800 to 4899

2. Non-self—starting methods
L; 4900 to 4999

The extra statements are :

METHOD (RK2) .~ This gives the method a name.
It should be the first card of
the description.

OY (NX,NF2) = FUNCTION (OY (NK,N2)) The derivative of OY (NK,N2)
will be calculated and placed
in OY (NK,NF2).

" LOOP The cards before LOOP may be
used to initialise the integration,
The cards between LOOP and END
describes the inner integration loop.

ALLOT (MP1) This card causes a vector to become
" available and may be referred to as
OY (NK,MP1).
RESTORE (MP1) This card is the converse of ALLOT.

The vector QY (NX,MP1), now no
longer needed, will be returned.

ROTATE (NI, N2) This card causes an apparent
rotation of the information in
OY (NK,N1) and OY (NK,N2). In
reality the information in NI and N2
is rotated, rather than that in the
vectors.

END This cérd concludes the definition of
the integration method.

For self--starting methods, the first statement after LOOP should be 2 ROTATE statement
having a statement number 4800. The statement following this should have a statement number 4801.

The second order Runge Xutta method (Lance 1960, p.52), a'typical self—starting method,
is used as a standard method in DEMON. A description is given in Appendix 4.

Two further cards are necessary to describe non—self—starting methods.



~13—

CALCULATE (NI, NF1, N2, NF2) This card causes linkage to the . .
self-starting method to be created.
OY (NK,N2) and OY (NX,NF2) will be
calculated from OV (NK,N1) and
OY (NX,NF1). No rotations will pe
performed.

EXAMINE This card should be used after new
values of OY (NX,N2) and OY (NX, NF2)
occur during the preliminary phase of a
non—self—starting method.

A typical non—self—starting method, the second order predictor cortector method (National
Physical Laboratory 1961, p.83), is described 1n Appendix 4. For non—self—starting methods, the first
statement after LOOP should have a statement number of 4900,

The step length may be changed during the integration. The method of Merson’s Runge Kutta
(Lance 1960, p.56) is used to illustrate this, and a listing is provided in Appendix 4. If the variable NV
which occurs in the generated programme, is non—zero, the method is being used to find the zero of a
condition with a reduced step length. Under these conditions the step length should not be changed.

¥

Gaussian integration (Lance 1960, p.145; U.S. N.B.S. 1954, p.187) may also be described to
DEMON. A fifth order scheme is given in Appendix 4.

12. OTHER USES OF DEMON

DEMON may be used for a number of problems other than those already discussed .

12.1 Quadrature

The integral
R

f F(T) DT
A

may be evaluatéd by the programme
T = A
Y =0
STEP = .01 (say)
ENTER DEMON
(T =B)
FUNCTION
DY = F(T)
END DEMON
CALL EXIT
END

~

The Gaussian integration scheme given in Appendix 4 could also be used here,

12.2 Solution of Linear Equations

The equations

L
2

]

H
A
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rﬁay be solved by the programme

T = 0.0
X = 0.0
Y = 0.0
STEP = 1.

ENTER DEMON
ALTER (X), .1
ALTER (Y), .1
R(T = 0.0) = 3.
P(T =00) =1.
ITERATE (2)
FUNCTION

R =X +7Y
P=X-Y
END DEMON
CALL EXIT
END

Both the above problems may be attempted with confidence.,. The next two are given as an example of
. the problems which may be tackled with DEMON. Because of the inherent numerical difficulties, the
solution to these types of problem cannot be guaranteed.

12.3 Solution of Nonlinear Simultaneous Equations

Monlinear simultaneous equations can be solved in a similar fashion to the linear equations,
The problem ‘

xy = .25
' (x-1)* + y* = 1,

may be solved by the following programme

T = 0.0
X = 1.
Y =1.
STEP = 1.

ENTER DEMON

1

R(T =0.0) = 0.0, .0001
P (T =0.0) = 0.0, .0001
ALTER (X), .0001
ALTER (Y), .0001

"
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ITERATE (100)

RELAX (EXP (-~ (ABS(ON (1)) + ABS (ON (2)))
FUNCTION

R=(X—1.) %#%2 + Yex2 — 1,

P=X+Y - .25
END DEMON
CALL EXIT

END

This programme and the results are given in Appendix 3. The RELAYX card has been used to
accelerate the convergence. At the end of a main run the discrepancies in R and P are stored in
O¥ (1) and ON (2). Where these discrepancies are large a small relaxation coefficient is taken. As
the discrepancies decrease, and X and Y are closer to the solution, the relaxation coefficient
approaches one.

12.4 Minimisation of a Function

Minimisation of a function requires a property which attains a known value at the desired peint.
Such a property could be ¥ (x+8) ~F (x — 8x), which is zero at a minimum and a maximum,

The programme might be

T = 0.0
X =A
STEP = 1.

ENTEDR DEMON

ALTER (X), .01

R (T =0.0) = 0.0, .00001
RELAX (.1)

FUNCTION ,

R = B(X +.001) = F (X — .001)
END DEMON

CALL EXIT

END

A small constant value has been used for the relaxation coefficient in this case..

13. DEMON AND THE IBM_IBSYS MONITOR

DEMON has been incorporated into the IBM IBSYS moniter system.(IBM 1963,.- 1964b, 1964c)
so that a problem may be solved by DEMON in one job on the computer. The process may be divided
into 5 parts, :

(i) The DEMON generator is called off the libraty tape.

(ii) The user’s programme is read and the generated FORTRAN programme is written onto
Utility tape 4,

(iii} The input and Utility tape 4 are switched.

(iv) The FORTRAN programme on Utility tape 4 is compiled and executed,

(v} The original configuration is restored.
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‘A complete set of control cards is given with the listir p of the first user’s programme
in Appendix 3, The generated FORTRAN programme may also be punched or printed as it is produced.
These options should be indicated on the ENTER DEMON card. For example

ENTER DEMON, DECK, LIST

gives both a card deck and a listing.
14, CONCLUSHON

It has been shown how DEMON may be used to solve problems in ordinary differential equations
with either initial values or boundary equations. This is intended to be the main use of the programme
However it has been shown that DEMON may be used to solve other problems as well.

The technique of defining new integration methods should benefit the person who wishes to use
more sophisticated integration methods.

The object of computing results from a complete definition of a probler has been achieved.
The user can submit a inuch smaller prograrame to the machine, programmes generated by DEMON will

not have to be debugge:d, and the overall time to get answers to problems which are acceptable to
DEMON will be much shorter.
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- APPENDIX 1

. ‘RESTRICTIONS ON SYMBOLS

The user should avoid the following symbols.

1. Floating éoint variables starting with the letter O.

2. Fixed point variables starting with the letter N.

3. Statement numlbers from 4000 to 4999,

If bo.undar_fr equations are being solved, the following symbols mulst also be avoided.
1. Variable names containing the name SID.

2. Statement numbers from 8800 to 8899.

If the user is defining his own integration method the restrictions in Section 11 should be
noted. The extra symbols used by the standard integration method are MP and MK2,

No check is made on the:e restrictions in the DEMON generator. It may be useful to refer
to these symbols in the generate i programme ; but normally they should not be used..



APPENDIX 2

CONTROL CARDS WHICH MAY BE USED IN PART 2

The following cards will be recognised when used in Part 2 of the user's programme. All cards

except conditions and boundary equations are distinguished by the first three characters, which should
start in column seven, )

ALL SUPPLEMENTARY - All the supplementary variables are given,
with format, on the BCD output medium.

ALTER This card is used to nominate a variable
whose value may be altered to help solve
boundary ejuations. It is described in
Section 6.

BASIC This card is used to specify those variables

to be given as output when all the basijc.
variables are not tequired.

For example
BASIC, A, B
will give the variables A and B as output.

(See Section 10,3.)
CPL This card specifies the maximum width of
the output.

For example
CPL (80)

festricts output to 80 columns and should be
used when cards are being punched. (See
Section 10.1.)

FILE This card is used to specify the binary device

used when solving boundary equations. (See
Section 10,8.)

FREQUENCY This card is used to specify the frequency with
which regular output is given. (See Section 10.2.)

IMPLICIT This card is used to change the name of the

variable in the implicit differential equation,
(See Section 9.)

INDEPENDENT The card is used to specify the independent

variable. (See Section 9.)
INTERPOLATE This card is used to force all conditions to be
found by interpolation in the independent
variable,



APPENDIX 2 (Continued)

ITERATE A limit can be set by this card on the number
of iterations to be performed during a boundary
value problem.

METHOD This card introduces a new integration method.
(See Section 11.)

OUTPUT This card is used to specify output statements.
The standard card is

OUTPUT (WRITE (6,%))
{See Section 10.)

RELAX A relaxation coefficient may be introduced into
the iterations towards a solution to a boundary
value problem. (See Section 6.)

SUPPLEMENTARY This card is used to specify those variables
which should be given as output as well as the
basic variables.

For example
SUPPLEMENTARY, DY, DX
will cause the supplementary variables DY and
DX to be given together with the basic variables.
(See Section 10.)
USE

This card directs DEMON to use a particular
integration method (See Section 11).



APPENIIX 3

SAMPLE PROGRAMMES

¥our sample programmes and the corresponding generated FORTRAN programmes and results
are listed. The programmes differ slightly from those in the text. The card

ENTER DEMON, DECK

7as used so that the generated FORTRAN programme would be punched. The cards

OUTPUT (WRITE (7,%))
CPL . (80)

were used so that the results would also be punched. The cards were then used for the listing.

The times given in the listing are for normal operation where no cards are punched, the
FORTRAN programme being written onto tape and the results being printed directly.

In some cases a FREQUENCY card has been used to reduce the volume of output,
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APPENDIX 4

SAMPLE METHODS

A listing is given of the integration methods referred to 1n Section 11.
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APPENDIX 5

‘LISTING OF DEMON

The DEMON programme consists of two chains. The first chain consists of three decks ¢
I. AMBDMN, COBOL (cards 1 - 2341)
2. AMEDAT , MAP (2342-2384)
3. DMN NMD, MAP (2385-2392)
The second chain consists of one deck :
1. DMN AMB, COROL (2393 -6020)
Some subroutines occur in both COBOL programmes.
The data divisions of the two COBOL programmes are identical, When chain 1 is finished,
the data division is dumped onto tape (989— 1004) and an assembly language programme (1006 - 1008,

2385 — 2392) cavses the second chain to be loaded. The data division is then read back from the tape.
(2765 - 2777) '

A comment card giving the date of generation is produced in the first COROL programme. The
cards which produce this (376 ~ 397, 2342— 2384) may be deleted.

Standard options may be changed. These are as follows :

1. The width of output from the FORTRAN execution
- (that is, CPL card) (204).

2. The name of the implicit variable (350).
3. The standard FILE card (596 - 597).
4. The standard OUTPUT card {604).

Part of the programme is concerned with the IBM —IBSYS monitor, which uses cards with a
. dollar character in column one. In particular the card

$ IBSYS

- recalls the monitor and usually signifies the end of a job.

DEMON has to read and store control cards which, together with the generated programme, will
be used later to form an input tape. However the dollar character is also used as an end of recotd
indicator in the storage subroutine. For this reason a dollar character in column one on input cards is

replaced by a comma before storing (372, 851). The dollar character s replaced when the cards are
retrieved (2808, 4451, 4457).

The *$ IBSYS’ card is taken to be the end of the job (855) .

. A G-—character field (2783) precedes the output onto tape so that the tape will be accepted
later by the monitor as input. -

The first card put onto tape (2784 —2785) becomes a message to the operators.



APPENDIX 5 { Continued)

When all the programme has been generated a card (4462) is put onto tape so that the original
configuration will eventually be restored. A card (4465 — 4466) is then left (IBM 19G4c. p.81-2) so that
the monitor will treat the tape just produced as an input tape.
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